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Abstract 
 
Hernández, C. 2004. Effects of Social Separation on Cortisol, Milk Yield and 
Composition, Udder Health and Behaviour in Dairy Cattle. 
Master of Sciences thesis. No. 48, ISSN 1403-2201 
 
This thesis is based upon two studies carried out at a commercial 
organic dairy farm, in the southwest of Sweden.  
 
The aim of the first study was to evaluate the effects of suckling and 
subsequent weaning after a nursing period of 9 weeks in foster cows 
with previous high somatic cell count (SCC) on their saleable milk 
yield (total milk minus discarded milk due to a high California 
Mastitis Test score), milk composition, udder health and behaviour 
during milking. Seven foster cows (calves suckling) and seven 
control cows (with no calves suckling) were used in the experiment. 
Four alien calves had suckled each foster cow for 9 weeks and the 
calves were free to suckle at any time. Behavioural observations 
were made during afternoon milking and milk samples were taken at 
0, 1, 2, 3, 7, 10, 14, 17, 21 and 24 days after weaning. The saleable 
milk yield of the foster cows was significantly lower than the control 
cows during the first ten days after weaning. One day after weaning, 
the foster cows moved significantly more during milking and 
vocalizations were recorded (as yes or no) in five foster cows while 
none of the control cows vocalized. Four of the seven foster cows 
had mastitis towards the end of the study. The fat content in strip 
milk was significantly lower in the foster cows than in the control 
cows on the day of weaning, indicating a disturbed milk ejection. 
However, the day after weaning no such difference was observed. 
The foster cows had a significantly lower fat content in composite 
milk on the day of weaning. This fat content increased rapidly, and 
10 days after weaning the foster cows had significantly higher fat 
content in composite milk than the control cows. 
In conclusion, the suckling by four calves on foster cows with high 
SCC or mastitis, resulted in a higher fat content in composite milk 
after weaning. However, after 9 weeks nursing their udder-health 
condition did not seem to improve and the saleable milk yield was 
lower than in the control group. Furthermore, the weaning in 
addition to the beginning of milking seem to be a stressful situation 
as indicated by cows vocalizing more and moving more during 
milking. 
 
The aim of the second study was to investigate the relationship 
between plasma and salivary cortisol response to stress in dairy 
cattle. To activate the cortisol stress response, six cows were 
separated from their calves at 4 d after calving, and six calves were 
separated from a group of four peers at 8 wk of age. In addition, all 
 8
the animals were moved to an unfamiliar surrounding after the social 
separation. Jugular catheters were placed on the animals 1 d before 
sampling, blood and saliva samples were taken simultaneously 
before and after separation. Samples were taken at a 10 min interval 
during the first 2 h and further samples were taken every 15 min. In 
response to the stressors, there was an increase in plasma cortisol 
reaching peak mean values 25 min after the first sample. However, 
peak values in saliva cortisol in cows and calves were observed 35 
min after the first sample. Plasma cortisol correlated well with saliva 
cortisol (r = 0.626). However, plasma cortisol explained more of the 
variation in the cortisol concentrations from saliva samples taken 10 
to 15 min after (AIC = 727.0; P < 0.001) than in the saliva samples 
taken at the same moment as the plasma samples (AIC = 810.7; P < 
0.001) and no significant effects of breed or group (cow or calf) were 
found in the models. The correlation coefficient for plasma and 
saliva-lag was r = 0.744. These results suggest a time lag between 
plasma cortisol values and associated changes in saliva cortisol 
values in dairy cattle.  
In conclusion, salivary cortisol assessment seems to be a valid 
method to detect responses of the HPA axis following acute stress in 
cows and calves. This study suggests a time lag between plasma and 
saliva cortisol values and this should be considered when using 
saliva samples as the only measure of the stress response in cattle.  
 
Keywords: Dairy Cow, Calf, Suckling, Milking, Unfamiliar 
Surroundings, Weaning, Cortisol, Plasma, Saliva, Social Separation 
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General background 
 
Cow-calf bond 
 
Maternal behaviour is a highly integrated mechanism essential for 
the survival of the young and the growth of the offspring. At least 
two essential components can be differentiated in the maternal 
behaviour of cattle; the care the females give to the young and their 
selectivity which limits that care to specific young (Le Neindre et 
al., 1998). Maternal behaviour is one of the major expressions of the 
interactions of the individual with its social environment (Le 
Neindre et al., 1998). 
 
The quick forming of stable bonds between mother and young is 
essential. Young are often helpless, vulnerable to starvation, 
predation and cold, so their survival and fitness rely largely on the 
ability of the parents to rightly asses their needs and adjust the 
behaviour accordingly (Jensen, 2001).   
 
The same kind of social interaction may occur when alien calves 
are introduced to the foster cows shortly after parturition and these 
cows might accept and develop a maternal bond towards the calves 
(Hudson, 1977). Introduction of the alien calves later in lactation 
does not seem to affect the acceptance of the alien calves by the 
foster cow. Loberg & Lidfors (2001) have  recently shown that cows 
accept equally well alien calves regardless of the time after 
separation from their own calf (directly, 4, 26 and 178 days after). 
However, some problems may arise and the farmer might have to tie 
some cows to allow the calves to suckle for a few meals before they 
accept being suckled (Hudson, 1977; Lidfors, 2000). 
 
Lactation 
 
Lactation is central to mammalian reproduction and critical for 
survival of the neonate. It involves morphological, physiological, 
biochemical, ecological and behavioural adaptations (Blackburn, 
Hayssen & Murphy, 1989). Lactation consists of two phases: milk 
secretion or synthesis, which is controlled in part by a hormonal 
complex originating in the anterior pituitary, and milk removal or 
ejection, which is controlled primarily by the release of the hormone 
oxytocin from the posterior pituitary (Gorewit et al., 1983).  
 
The growth of the mammary ducts is stimulated by oestrogen, and 
the lobule-alveolar development is stimulated by a combination of 
oestrogen and progesterone. These steroid hormones require 
prolactin and (or) growth hormone to stimulate mammary gland 
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development and to initiate lactation (for a review see Tucker, 2000).  
In the later part of gestation the alveolar cells differentiate, and close 
to parturition secretion of milk is initiated (Tucker, 1981).  
 
Milk synthesis and milk composition 
 
The cows udder is composed of two pairs of mammary glands, each 
drained by a teat. The four quarters are structurally separate and 
function independently (Gruet et al., 2001). The mature mammary 
gland consists of a teat, associated ducts that provide for passage of 
milk to the outside, and alveoli composed of epithelial secretory 
cells and supportive tissues. The epithelial cells are arranged to form 
the internal lining of the spherical alveoli, and cells synthesize and 
secrete all milk. Secretions are stored within the internal space of the 
hollow alveoli and larger ducts between suckling episodes 
(Nickerson, 1992). The synthesis and release of milk constituents is 
continuous, until temporarily suspended by the distending pressure 
(Gruet et al., 2001).  
 
Glucose, acetate, β-hydroxybuturate, fatty acids and amino acids 
originating from blood are the major precursors of milk (Akers, 
2002). These precursors are absorbed from blood capillaries 
(adjacent to alveoli) by the alveolar epithelial cells and some are 
converted into milk protein, lactose and fat (Nickerson, 1992). 
Milk fat and milk protein are both synthesized in the endoplasmatic 
reticulum, while lactose is synthesised in the Golgi system (Davies, 
Holt & Christie, 1983). The dominant carbohydrate in the milk of 
most mammals is the disaccharide lactose and it occurs only in 
mammalian milk and in mammary glands (Michael & Tadasu, 
2002).  
 
The milk from Holstein cows (the source of the majority of milk 
for human consumption in Western societies) has about 3.2% 
protein, 3.4% fat and 4.6% of lactose (Akers, 2002). However, there 
are variations in the milk composition due to breed and stage of 
lactation (Mepham, 1987).   
 
Mastitis 
 
Bovine mastitis, defined as inflammation of the mammary gland, 
can have an infectious or non-infectious aetiology (Bradley, 2002). 
Infectious mastitis results from the introduction and multiplication of 
pathogenic microorganisms in the mammary gland and this leads to 
a reduced synthetic activity, changes in the milk composition, and 
elevated milk somatic cell count (SCC) (Harmon, 1994).  
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Mastitis can be classified (Griffin, Morant & Dodd, 1987) according 
to its duration; acute (recent debut) or chronic (debut long time ago), 
or according to the presence or absence of clinical signs; clinical or 
subclinical. In clinical mastitis, there is one or more visible 
inflammatory signs present in the udder or in the milk, the milk 
composition may be abnormal and the SCC is increased. During a 
subclinical mastitis, the udder and milk shows no visible sign of 
inflammation but the milk composition is altered, specially the 
lactose content is decreased, while the SCC is increased (Bramley, 
1992). 
 
Suckling  
 
Suckling is defined by Hall, Hudson & Brake (1988) as the 
behaviour of the young contributing to the procurement of milk from 
a nipple or teat. This behaviour includes locating and recognizing a 
potential provider of milk- usually the mother, searching for her 
nipples, recognizing and attaching to them, and then responding so 
as to facilitate milk withdrawal.   
 
The neonates first movements, after standing, are generally 
directed toward the mother and it finds a teat with seemingly random 
searching and nuzzling movements (Hafez & Bouissou, 1962). In 
beef cattle, newborn calves begin to suckle around 90 min after birth 
(Lidfors & Jensen, 1988). 
 
It should be recognized that suckling and associated mother-
offspring interactions may also play an important part in other 
aspects of development and production. For example, it has been 
observed that the release of oxytocin is greater in response to the 
suckling stimulus in cows compared to milking. In calves the feed 
intake related oxytocin levels are greater during suckling compared 
to when the calves are bucket fed (Lupoli et al., 2001). Oxytocin is 
required to obtain a proper milk ejection and disturbed milk ejection 
can cause decreased milk production (Bruckmaier & Blum, 1998). In 
addition, oxytocin stimulates maternal interaction and bonding 
between mother and young (Uvnäs-Moberg et al., 2001) and can 
stimulate weight gain, as shown in rats (Björkstrand & Uvnäs-
Moberg, 1996). Furthermore, the welfare of the animals might 
possibly be improved since oxytocin has anti-stress effects (Uvnäs-
Moberg, 1997) and in women is suggested to exert a short-term 
suppression of the cortisol response to mental stress (Heinrichs et al., 
2001). 
 
Another hormone which is secreted in greater amounts in response 
to suckling in cows is prolactin (Lupoli et al., 2001); this hormone is 
positively correlated with milk production (Koprowski & Tucker, 
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1973). It has been shown that cows suckled during 6 weeks after 
calving produce more milk (Bar-Peled et al., 1995). Because 
differentiation of mammary epithelium continues into early lactation 
in cattle, factors regulating secretion of prolactin during this period 
may influence mammary development and consequently milk 
production (Akers & Lefcourt, 1984).  
 
Multiple suckling during early lactation has been reported to 
stimulate post-weaning milk production (Everitt & Phillips, 1971; 
Peel, Robinson & McGowan, 1979) and stimulate the butterfat 
production (Kaiser, 1975). In addition, milk production during first 
lactation tended to be higher for heifers that had been allowed to 
suckle milk as calves during the first 42 days of age than calves that 
had been fed with milk replacer (Bar-Peled et al., 1997). 
Furthermore, restricted suckling plus machine milking have been 
shown to reduce milk somatic cell count when compared to machine 
milking alone in tropical dairy cows (Margerison, Preston & 
Phillips, 2002). 
 
Weaning and separation 
 
Weaning is a natural stage of the reproductive and developmental 
process of the animals. During the weaning period the developing 
organism must make the major transition from a state of complete 
dependence on maternal care to one of independence switching from 
mothers milk to solid food as a source of nutrition (Martin, 1984). 
For most mammals, weaning is gradual and involves a progressive 
reduction in the rate of milk transfer from mother to young, 
accompanied by an increasing intake of solid food by the offspring 
and profound behavioural changes in the parent-offspring 
relationship (Martin, 1984).  
 
In organic dairy farms where foster cows are used to rear alien 
calves, the weaning involves the abrupt end of suckling of the foster 
cow and absolute removal of the calves. This abrupt cow-calves 
separation is done in order to facilitate the farm management. Abrupt 
weaning not only disrupts the maternal bond between the calf and its 
dam, but also the social bond between the animal and their familiar 
social group which is an inherent aspect of weaning (Hickey, 
Drennan & Earley, 2003).  
 
The cow-calf separation has been reported to be stressful to cows 
and calves and it seems that the longer the animals are allowed to 
stay together the stronger the behavioural response to separation is 
(Lidfors, 1996; Weary & Chua, 2000; Stehulova, Lidfors & Spinka, 
2003). Furthermore, the calf presence and its removal can negatively 
influence oxytocin secretion during milking (Tancin et al., 2001).  
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Stress physiology  
 
There are many definitions of stress throughout the scientific 
literature. One recent definition of stress by Pacak & Palkovits 
(2001) states that it is a state of physical or perceived threat to 
homeostasis. During stress, an adaptive compensatory specific 
response, by activation of specific central circuits, of the organism is 
activated in order to sustain homeostasis. In animal welfare studies, a 
more applied definition of stress is given by Dobson & Smith (2000) 
where stress is defined as the inability of an animal to cope with its 
environment. This phenomenon is revealed by a failure to achieve 
genetic potential, e.g. for growth rate, milk yield, disease resistance, 
or fertility.  
 
The maintenance of homeostasis requires precise coordination of 
autonomic, neuroendocrine, and behavioural responses to contend 
with constant perturbations of the internal and external 
environments. The hypothalamic-pituitary-adrenal (HPA) axis is the 
most representative and probably the most effective neuroendocrine 
regulatory pathway in the stress response (Pacak & Palkovits, 2001).  
 
The HPA axis can be activated in response to different stressors, 
for example isolation in unfamiliar surroundings (Veissier & Le 
Neindre, 1988; Boissy & Le Neindre, 1997; Rushen et al., 1999), 
transport (Zavy et al., 1992), handling (Solano et al., 2004) and 
dehorning (Mellor et al., 2002). The HPA axis activation is mediated 
by the hypothalamic paraventricular nucleus which releases 
corticotrophin releasing hormone and arginine vasopressin into the 
hypophyseal portal system to release ACTH from the pituitary gland 
(Herman & Cullinan, 1997; Dobson et al., 2003). ACTH stimulates 
the synthesis and release of glucocorticoids (cortisol and 
corticosterone) from the adrenal cortex. A recent study suggests that 
the endothelins (ET), a regulatory peptide produced by the adrenal 
cortex, may also play an important role in the regulation of 
corticosteroid secretion through activation of receptors in the adrenal 
gland (ETA and ETB) stimulating glucocorticoid secretion (Delarue 
et al., 2004).  
 
In most mammals, cortisol is the primary glucocorticoid secreted 
by the zona fasciculata of the adrenal cortex and it is released within 
minutes after the exposure to a stressful situation. The main function 
of cortisol is to mobilize energy reserves to promote hyperglycemia 
by stimulating hepatic gluconeogenesis and reducing cellular 
glucose uptake (Borski, 2000). Under acute stress situations, cortisol 
allows an individual to respond to stressors by supporting energy 
mobilization (Erickson, Drevets & Schulkin, 2003) and mediating 
the re-distribution of lymphocytes and macrophages to the sites of 
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acute challenge (McEwen, 1998). However, chronic elevation of 
cortisol results in protein catabolism (Moberg & Mench, 2001), 
suppression of the immune activation of circulating leukocytes, 
inhibition of cytokines production and other mediators of 
inflammation, thus increasing susceptibility to infectious agents 
(Chrousos, 1995; Sapolsky, Romero & Munck, 2000).  
 
The cortisol secretion in cattle exhibits circadian rhythms with 
peak values in the morning (Thun et al., 1981) and strong ultradian 
rhythms with periods around 120 min. (Lefcourt et al., 1993). This is 
important to consider when assessing cortisol response of animals to 
stressors. In pigs it has been shown that the timing of the stressor is 
important for the acute cortisol response, resulting in a greater 
cortisol increase in response to stress in the morning (Ruis et al., 
1997).  
 
Cortisol in plasma and saliva 
 
The assessment of cortisol in saliva has gained interest in studies 
evaluating the HPA axis activation in different species including 
humans (Aardal-Eriksson, Karlberg & Holm, 1998), cattle (Fell, 
Wells & Shutt, 1986), sheep (Fell, Shutt & Bentley, 1985), goats 
(Greenwood & Shutt, 1992), pigs (Parrott, Misson & Baldwin, 
1989), dogs (Cronin et al., 2003), and horses (Shanahan, 2003). 
Measuring cortisol responses in saliva instead of plasma or serum 
samples has certain advantages. For example, taking saliva samples 
is a relatively stress free procedure, does not require trained 
personnel and the saliva samples can be stored at 20°C for up to 4 
weeks without significant reduction in cortisol levels (Kirschbaum & 
Hellhammer, 1989; Kirschbaum & Hellhammer, 1994). Furthermore, 
the cortisol concentrations in saliva are representative of the 
unbound (free) fraction of the hormone in serum (Lac, 2001) and 
only this unbound cortisol is able to reach target tissues and elicit its 
glucocorticoid effect (Kirschbaum & Hellhammer, 1994). The 
assessment of salivary cortisol has been suggested to be a more 
appropriate measure of adrenocortical responses than cortisol 
determination in blood samples (Vining et al., 1983; Cook et al., 
1996).  
 
A part of cortisol is converted into cortisone by 11β-
Hydroxysteroid dehydrogenase (11βHSD) in the salivary glands, but 
this does not modify significantly the validity of the cortisol assay 
(Lac, 2001). 11βHSD is an enzyme system that catalyses the 
interconversion of active glucocorticoids to their inactive 
metabolites and is now established as a crucial mechanism 
modulating corticosteroid hormone action (Penning, 1997; Walker & 
Stewart, 2003). Two isoforms of the enzyme 11βHSD have been 
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identified, 11βHSD1 which acts predominantly as an NADP(H)-
dependent reductase to generate active cortisol, whereas 11βHSD2 
acts exclusively as an NAD+-dependent enzyme that catalyses the 
enzymatic inactivation of cortisol to cortisone (Michael, Thurston & 
Rae, 2003).  
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Introduction to the research reports 
 
Mastitis is the most economically important disease of dairy cattle, 
accounting for 38% of the total direct costs of the common 
production diseases (Kossaibati & Esslemont, 1997). The losses 
associated with mastitis arise from the costs of treatment, culling, 
death, decreased milk production (Bradley, 2002; Grohn et al., 2004) 
and price penalties for milk with a high somatic cell count (SCC) 
(Hemingway, 1999).  
 
In organic dairy farms, one way of dealing with the cows that have 
high milk SCC or mastitis is to use them as a foster cow. These cows 
are usually kept with the calves allowing them to suckle for a 
number of weeks. The number of calves suckling each cow is based 
on the milk yield of the foster cow. The statutes for organic dairy 
farms in Sweden (KRAV, 2004), states that the calves should drink 
whole milk by suckling, either from a cow or from an artificial teat 
for at least 12 weeks after birth. Therefore, having a foster cow 
nursing three to four calves eliminates the workload of milking the 
cows and later on feeding the calves. This also gives the farmer the 
opportunity to use the milk from cows with a high milk SCC for 
feeding the calves.  
 
In addition, some other advantages of having the cows nursing 
calves have been reported previously, for example reduced risk of 
mastitis (Everitt, Phillips & Whiteman, 1968) and  reduced milk 
SCC (Margerison, Preston & Phillips, 2002). However, when the 
suckling period is terminated the procedure of weaning and 
separating the animals is often a stressful procedure for both cows 
and calves and might have some negative effects on the production 
and welfare of the animals. Some examples of this negative effect 
are decreased weight gain in calves, increased levels of cortisol in 
cows and calves (that in the long run can compromise the immunity 
system of the animals) and inhibition of the milk ejection.  
For these reasons, the aim of the first study was to evaluate the 
effects of nursing four calves during 9 weeks and the subsequent 
weaning of cows with previous high SCC on their saleable milk 
yield (total milk minus discarded milk due to high CMT score), milk 
composition, udder health and behaviour during milking. 
 
The assessment of cortisol in saliva has been reported to be a 
reliable method to assess the activation of the HPA axis in response 
to stress in several species including humans, dogs, pigs and horses. 
However, to the knowledge of the author there are only two studies 
in cattle that describe the relationship between values of cortisol in 
plasma and saliva. These studies report different  results, one shows 
a good correlation between values of blood and saliva after ACTH 
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stimulation in calves and after machine milking in cows (Negrao et 
al., 2004). The other, reports significant correlations only before 
ACTH stimulation in calves but not after it (Steinhardt & Thielscher, 
2000). In addition, a time lag between values of cortisol in plasma 
and saliva has been reported in sheep (Cook, 2002).  
For these reasons the aim of the second study was to further 
characterize the relationship between salivary and plasma cortisol in 
response to stress in cattle.   
 
These studies are part of a larger project, which evaluates the 
effects of two different methods of weaning and separation of four 
calves from a foster cow. The two different methods used were A) 
weaning and separation in one-step (at 10 weeks of age) and B) 
weaning and separation in two steps (weaning at 10 weeks and 
separation at 12 weeks of age). 
 
 
Aims of the investigation 
 
The general aim of the present studies was to evaluate the effects of 
suckling on the milk composition, milk yield and udder health as 
well as the stress response to weaning and separation in cows and 
calves.   
 
Specific aims 
 
• To evaluate the effects of nursing four calves for 9 weeks and 
subsequent weaning on the saleable milk yield, milk 
composition, udder health and behaviour during milking in 
cows with previous high SCC or mastitis.  
 
• To characterize the relationship between salivary and plasma 
cortisol response to stress in cows and calves. 
 
 
 
 
 
 
 18
References 
 
Aardal-Eriksson, E., Karlberg, B. E. & Holm, A. C. 1998. Salivary cortisol--an alternative 
to serum cortisol determinations in dynamic function tests. Clinical Chemistry and 
Laboratory Medicine 36, 215-22. 
Akers, R. M. 2002. Lactation and the Mammary Gland. Iowa State Press. Iowa. 278 pp. 
Akers, R. M. & Lefcourt, A. M. 1984. Effect of presence of calf on milking-induced release 
of prolactin and oxytocin during early lactation of dairy cows. Journal of Dairy Science 
67, 115-22. 
Bar-Peled, U., Maltz, E., Bruckental, I., Folman, Y., Kali, Y., Gacitua, H., Lehrer, A. R., 
Knight, C. H., Robinzon, B., Voet, H. & Tagari, H. 1995. Relationship between frequent 
milking or suckling in early lactation and milk production of high producing dairy cows. 
Journal of Dairy Science 78, 2726-2736. 
Bar-Peled, U., Robinzon, B., Maltz, E., Tagari, H., Folman, Y., Bruckental, I., Voet, H., 
Gacitua, H. & Lehrer, A. R. 1997. Increased weight gain and effects on production 
parameters of Holstein heifer calves that were allowed to suckle from birth to six weeks 
of age. Journal of Dairy Science 80, 2523-8. 
Björkstrand, E. & Uvnäs-Moberg, K. 1996. Central oxytocin increases food intake and 
daily weight gain in rats. Physiology & Behavior 59, 947-52. 
Blackburn, D. G., Hayssen, V. & Murphy, C. J. 1989. The origins of lactation and the 
evolution of milk: a review with new hypoteses. Mammal Review 19, 1-26. 
Boissy, A. & Le Neindre, P. 1997. Behavioral, Cardiac and Cortisol Responses to Brief 
Peer Separation and Reunion in Cattle. Physiology & Behaviour 61, 693-699. 
Borski, R. J. 2000. Nongenomic Membrane Actions of Glucocorticoids in Vertebrates. 
Trends in Endocrinology and Metabolism 11, 427-436. 
Bradley, A. 2002. Bovine mastitis: an evolving disease. The Veterinary Journal 164, 116-
128. 
Bramley, A. J. 1992. Mastitis and machine milking. In: Bramley, A. J., Dodd, F. H., Mein, 
G. A. & Bramlet, J. A. (eds.) Machine Milking and Lactation, Insight Books, USA. 343-
372 pp. 
Bruckmaier, R. M. & Blum, J. W. 1998. Oxytocin release and milk removal in ruminants. 
Journal of Dairy Science 81, 939-949. 
Chrousos, G. P. 1995. The Hypothalamic-Pituitary-Adrenal Axis and Immune-Mediated 
Inflammation. New England Journal of Medicine 332, 1351-1363. 
Cook, C. J. 2002. Rapid noninvasive measurement of hormones in transdermal exudate and 
saliva. Physiology & Behavior 75, 169-181. 
Cook, N. J., Schaefer, A. L., Lepage, P. & Jones, S. M. 1996. Salivary vs serum cortisol for 
the assessment of adrenal activity in swine. Canadian Journal of Animal Science 76, 329-
335. 
Cronin, G. M., Hemsworth, P. H., Barnett, J. L., Jongman, E. C., Newman, E. A. & 
McCauley, I. 2003. An anti-barking muzzle for dogs and its short-term effects on 
behaviour and saliva cortisol concentrations. Applied Animal Behaviour Science 83, 215-
226. 
Davies, D. T., Holt, C. & Christie, W. W. 1983. The composition of milk. In: Mepham, T. 
B. (eds.) Biochemistry of lactation, Elsevier, Amsterdam-New York. 72-108 pp. 
Delarue, C., Conlon, J. M., Remy-Jouet, I., Fournier, A. & Vaudry, H. 2004. Endothelins as 
local activators of adrenocortical cells. Journal of Molecular Endocrinology 32, 1-7. 
Dobson, H., Ghuman, S., Prabhakar, S. & Smith, R. 2003. A conceptual model of the 
influence of stress on female reproduction. Reproduction 125, 151-63. 
Dobson, H. & Smith, R. F. 2000. What is stress, and how does it affect reproduction? 
Animal Reproduction Science 60-61, 743-752. 
Erickson, K., Drevets, W. & Schulkin, J. 2003. Glucocorticoid regulation of diverse 
cognitive functions in normal and pathological emotional states. Neuroscience & 
Biobehavioral Reviews 27, 233-246. 
 19 
Everitt, G. C. & Phillips, D. S. M. 1971. Calf rearing by multiple suckling and the effects 
on lactation performance of the cow. In: New Zealand Society of Animal Production, 
Annual conference. Canterbury, Wellington, pp. 22-40. 
Fell, L. R., Shutt, D. A. & Bentley, C. J. 1985. Development of a salivary cortisol method 
for detecting changes in plasma "free"cortisol arising from acute stress in sheep. 
Australian Veterinary Journal 62, 403-406. 
Fell, L. R., Wells, R. & Shutt, D. A. 1986. Stress in calves castrated surgically or by the 
application of rubber rings. Australian Veterinary Journal 63, 16-8. 
Gorewit, R. C., Wachs, E. A., Sagi, R. & Merrill, W. G. 1983. Current concepts on the role 
of oxytocin in milk ejection. Journal of Dairy Science 66, 2236-50. 
Greenwood, P. L. & Shutt, D. A. 1992. Salivary and plasma cortisol as an index of stress in 
goats. Australian Veterinary Journal 69, 161-163. 
Griffin, T. K., Morant, S. V. & Dodd, F. H. 1987. Bovine mastitis. Definition and 
guidelines for diagnosis. Bulletin of the International Dairy Federation (IDF) No. 211, 2-
24. 
Grohn, Y. T., Wilson, D. J., Gonzalez, R. N., Hertl, J. A., Schulte, H., Bennett, G. & 
Schukken, Y. H. 2004. Effect of Pathogen-Specific Clinical Mastitis on Milk Yield in 
Dairy Cows. Journal of Dairy Science 87, 3358-3374. 
Gruet, P., Maincent, P., Berthelot, X. & Kaltsatos, V. 2001. Bovine mastitis and 
intramammary drug delivery: review and perspectives. Advanced Drug Delivery Reviews 
50, 245-59. 
Hafez, E. S. E. & Bouissou, M. F. 1962. The behaviour of cattle. In: Hafez, E. S. E. (eds.) 
The Behaviour of Domestic Animals, Bailliere, Tindall & Cox, London. 203-245 pp. 
Hall, W. G., Hudson, R. & Brake, S. C. 1988. Terminology for use in investigations of 
nursing and suckling. Developmental Psychobiology 21, 89-91. 
Harmon, R. J. 1994. Physiology of Mastitis and Factors Affecting Somatic Cell Counts. 
Journal of Dairy Science 77, 2103-2112. 
Heinrichs, M., Meinlschmidt, G., Neumann, I., Wagner, S., Kirschbaum, C., Ehlert, U. & 
Hellhammer, D. H. 2001. Effects of suckling on hypothalamic-pituitary-adrenal axis 
responses to psychosocial stress in postpartum lactating women. Journal of Clinical 
Endocrinology and Metabolism. 86, 4798-804. 
Hemingway, R. G. 1999. The influences of dietary selenium and vitamin E intakes on milk 
somatic cell counts and mastitis in cows. Veterinary Research Communications 23, 481-
99. 
Herman, J. P. & Cullinan, W. E. 1997. Neurocircuitry of stress: central control of the 
hypothalamo-pituitary-adrenocortical axis. Trends in Neurosciences 20, 78-84. 
Hickey, M. C., Drennan, M. & Earley, B. 2003. The effect of abrupt weaning of suckler 
calves on the plasma concentrations of cortisol, catecholamines, leukocytes, acute-phase 
proteins and in vitro interferon-gamma production. Journal of Animal Science 81, 2847-
2855. 
Hudson, S. J. 1977. Multiple fostering of calves onto nurse cows at birth. Applied Animal 
Ethology 3, 57-63. 
Jensen, P. 2001. Parental Behaviour. In: Keeling, L. J. & Gonyou, H. W. (eds.) Social 
Behaviour in Farm Animals, CABI Publishing, UK. 60 pp. 
Kaiser, A. G. 1975. Rearing dairy beef calves by multiple suckling. 1. Effects of liveweight 
change, onset of oestrus and post-weaning milk production. Australian Journal of 
Experimental Agriculture and Animal Husbandry 15, 17-24. 
Kirschbaum, C. & Hellhammer, D. H. 1989. Salivary cortisol in psychobiological research: 
an overview. Neuropsychobiology 22, 150-169. 
Kirschbaum, C. & Hellhammer, D. H. 1994. Salivary cortisol in psychoneuroendocrine 
research: recent developments and applications. Psychoneuroendocrinology 19, 313-33. 
Koprowski, J. A. & Tucker, H. A. 1973. Serum prolactin during various physiological 
states and its relationship to milk production in the bovine. Endocrinology 92, 1480-
1487. 
Kossaibati, M. A. & Esslemont, R. J. 1997. The costs of production diseases in dairy herds 
in England. The Veterinary Journal 154, 41-51. 
 20
KRAV standards - July 2004. KRAV, Kungsängsgatan 12, Box 1940, S-751 49 Uppsala, 
Sweden. http://www.krav.se/english.asp?id=2&tab=english&option=standards; 
(Accessed 8-Nov-2004). 
Lac, G. 2001. Saliva assays in clinical and research biology. Pathologie Biologie 49, 660-
667. 
Le Neindre, P., Murphy, P. M., Boissy, A., Purvis, I. W., Lyndsay, D., Orgeur, P., Bouix, J. 
& Bibe, B. 1998. Genetics of maternal ability in cattle and sheep. In: 6th World 
Congress on Genetics Applied to Livestock Production. Animal Genetics and Breeding 
Unit, Armidale, Australia, pp. 23-30. 
Lefcourt, A. M., Bitman, J., Kahl, S. & Wood, D. L. 1993. Circadian and ultradian rhythms 
of peripheral cortisol concentrations in lactating dairy cows. Journal of Dairy Science 76, 
2607-2612. 
Lidfors, L. 2000. Behavioural studies of keeping dairy calves on foster cows. In: 34th 
International Congress of the International Society for Applied Ethology (Eds: Ramos, 
A., Pinheiro, L. C. & Hötzel, M. J.). Florianópolis, Brazil, pp. 95. 
Lidfors, L. & Jensen, P. 1988. Behaviour of free-ranging beef cows and calves. Applied 
Animal Behaviour Science 20, 237-247. 
Lidfors, L. M. 1996. Behavioural effects of separating the dairy calf immediately or 4 days 
post-partum. Applied Animal Behaviour Science 49, 269-283. 
Loberg, J. & Lidfors, L. 2001. Effect of stage of lactation and breed on dairy cows' 
acceptance of foster calves. Applied Animal Behaviour Science 74, 97-108. 
Lupoli, B., Johansson, B., Uvnäs-Moberg, K. & Svennersten-Sjaunja, K. 2001. Effect of 
suckling on the release of oxytocin, prolactin, cortisol, gastrin, cholecystokinin, 
somatostatin and insulin in dairy cows and their calves. J Dairy Res 68, 175-87. 
Margerison, J. K., Preston, T. R. & Phillips, C. J. 2002. Restricted suckling of tropical dairy 
cows by their own calf or other cows' calves. Journal of Animal Science 80, 1663-1670. 
Martin, P. 1984. The meaning of weaning (short communications). Animal Behaviour 32, 
1257-1258. 
McEwen, B. S. 1998. Protective and Damaging Effects of Stress Mediators. New England 
Journal of Medicine 338, 171-179. 
Mellor, D. J., Stafford, K. J., Todd, S. E., Lowe, T. E., Gregory, N. G., Bruce, R. A. & 
Ward, R. N. 2002. A comparison of catecholamine and cortisol responses of young lambs 
and calves to painful husbandry procedures. Australian Veterinary Journal 80, 228-33. 
Mepham, T. B. 1987. Physiology of lactation. Open University Press. Philadelphia, USA. 
pp. 
Michael, A. E., Thurston, L. M. & Rae, M. T. 2003. Glucocorticoid metabolism and 
reproduction: a tale of two enzymes. Reproduction 126, 425-41. 
Michael, M. & Tadasu, U. 2002. Evolution of Milk Oligosacharides and Lactose. Trends in 
Glycoscience and glycotechnology 14, 153-176. 
Moberg, G. P. & Mench, J. A. 2001. Biology of animal stress: basic principles and 
implications for animal welfare. CABI Publishing. UK. 377 pp. 
Negrao, J. A., Porcionato, M. A., de Passille, A. M. & Rushen, J. 2004. Cortisol in Saliva 
and Plasma of Cattle After ACTH Administration and Milking. Journal of Dairy Science 
87, 1713-1718. 
Nickerson, S. C. 1992. Anatomy and physiology of the udder. In: Bramley, A. J., Dodd, F. 
H., Mein, G. A. & Bramley, J. A. (eds.) Machine milking and lactation, Insight Books, 
Berkshire, England. 63 pp. 
Pacak, K. & Palkovits, M. 2001. Stressor specificity of central neuroendocrine responses: 
implications for stress-related disorders. Endocrine Reviews 22, 502-48. 
Parrott, R. F., Misson, B. H. & Baldwin, B. A. 1989. Salivary cortisol in pigs following 
adrenocorticotrophic hormone stimulation: comparison with plasma levels. The British 
Veterinary Journal 145, 362-366. 
Peel, C. J., Robinson, I. B. & McGowan, A. A. 1979. Effects of multiple suckling by dairy 
heifers for short periods before and after calving on subsequent milk yields. Australian 
Journal of Experimental Agriculture and Animal Husbandry 19, 535-538. 
Penning, T. M. 1997. Molecular Endocrinology of Hydroxysteroid Dehydrogenases. 
Endocrine Reviews 18, 281-305. 
 21 
Ruis, M. A. W., Te Brake, J. H. A., Engel, B., Ekkel, E. D., Buist, W. G., Blokhuis, H. J. & 
Koolhaas, J. M. 1997. The Circadian Rhythm of Salivary Cortisol in Growing Pigs: 
Effects of Age, Gender, and Stress. Physiology & Behavior 62, 623-630. 
Rushen, J., Boissy, A., Terlouw, E. M. & de Passille, A. M. 1999. Opioid peptides and 
behavioral and physiological responses of dairy cows to social isolation in unfamiliar 
surroundings. Journal of Animal Science 77, 2918-2924. 
Sapolsky, R. M., Romero, L. M. & Munck, A. U. 2000. How Do Glucocorticoids Influence 
Stress Responses? Integrating Permissive, Suppressive, Stimulatory, and Preparative 
Actions. Endocrine Reviews 21, 55-89. 
Shanahan, S. 2003. Trailer loading stress in horses: behavioral and physiological effects of 
nonaversive training (TTEAM). Journal of Applied Animal Welfare Science 6, 263-74. 
Solano, J., Galindo, F., Orihuela, A. & Galina, C. S. 2004. The effect of social rank on the 
physiological response during repeated stressful handling in Zebu cattle (Bos indicus). 
Physiology & Behavior 82, 679-683. 
Stehulova, I., Lidfors, L. & Spinka, M. 2003. Response of dairy cows to separation from 
calves: Effects of calves' age and visual/auditory contact. In: 37th International Congress 
of the International Society for Applied Ethology (Eds: Ferrante, V.). Edito a Cura Della, 
Abano Terme, Italy, pp. 163. 
Steinhardt, M. & Thielscher, H. H. 2000. Observations on dairy calves ingesting liquid feed 
after ACTH application at different age points before and in the course of rearing with 
automatic milk feeding. Plasma cortisol, saliva cortisol, hematological, metabolic 
variables and heart rate. Deutsche Tierärztliche Wochenschrift 107, 180-187. 
Tancin, V., Kraetzl, W.-D., Schams, D. & Bruckmaier, R. M. 2001. The effects of 
conditioning to suckling, milking and of calf presence on the release of oxytocin in dairy 
cows. Applied Animal Behaviour Science 72, 235-246. 
Thun, R., Eggenberger, E., Zerobin, K., Luscher, T. & Vetter, W. 1981. Twenty-four-hour 
secretory pattern of cortisol in the bull: evidence of episodic secretion and circadian 
rhythm. Endocrinology 109, 2208-2212. 
Tucker, H. A. 1981. Physiological control of mammary growth, lactogenesis, and lactation. 
Journal of Dairy Science 64, 1403-1421. 
Tucker, H. A. 2000. Hormones, Mammary Growth, and Lactation: a 41-Year Perspective. 
Journal of Dairy Science 83, 874-884. 
Uvnäs-Moberg, K. 1997. Oxytocin linked antistress effects--the relaxation and growth 
response. Acta Physiologica Scandinavica. Supplementum 640, 38-42. 
Uvnäs-Moberg, K., Johansson, B., Lupoli, B. & Svennersten-Sjaunja, K. 2001. Oxytocin 
facilitates behavioural, metabolic and physiological adaptations during lactation. Applied 
Animal Behaviour Science 72, 225-234. 
Veissier, I. & Le Neindre, P. 1988. Cortisol responses to physical and pharmacological 
stimuli in heifers. Reproduction, Nutrition, Development 28, 553-562. 
Vining, R. F., McGinley, R. A., Maksvytis, J. J. & Ho, K. Y. 1983. Salivary cortisol: a 
better measure of adrenal cortical function than serum cortisol. Annals of Clinical 
Biochemistry 20, 329-35. 
Walker, E. A. & Stewart, P. M. 2003. 11[beta]-Hydroxysteroid dehydrogenase: unexpected 
connections. Trends in Endocrinology and Metabolism 14, 334-339. 
Weary, D. M. & Chua, B. 2000. Effects of early separation on the dairy cow and calf. 1. 
Separation at 6 h, 1 day and 4 days after birth. Applied Animal Behaviour Science 69, 
177-188. 
Zavy, M. T., Juniewicz, P. E., Phillips, W. A. & VonTungeln, D. L. 1992. Effect of initial 
restraint, weaning, and transport stress on baseline and ACTH-stimulated cortisol 
responses in beef calves of different genotypes. American Journal of Veterinary 
Research 53, 551-7. 
 
 22
Acknowledgements 
 
 
The present study was carried out at the Department of Animal 
Environment and Health, Swedish University of Agricultural 
Sciences, Skara. All the experimental work was carried out at the 
organic dairy farm Kårtorp, in the southwest of Sweden.  
Financial support for this study was provided by STINT (The 
Swedish Foundation for International Cooperation in Research and 
Higher Education) as a part of the FOOD21 research programme on 
sustainable agriculture. 
 
 
I would like to express my special gratitude to the following persons: 
 
To my supervisor Lena Lidfors, who believed in me and gave me the 
opportunity to study in Sweden. For valuable help through all the 
research projects, practical matters and process of writing this thesis. 
For all the nice typical Swedish experiences that you and your 
family shared with me. Thank you! 
 
To my supervisor Kerstin Svennersten-Sjaunja, for all her support at 
my arrival to Sweden and during my studies in Uppsala. For helping 
me trough the most difficult and stressful part of my stay in Sweden, 
writing my thesis and finishing it on time! Without her support this 
work could not be concluded on time, thank you! 
 
To my supervisor Lotta Berg, for believing in me and giving me the 
opportunity to study in Sweden. For her help and support during the 
initial procedure while applying to the MSc programme. For her 
great support and advice while planning the projects and writing the 
thesis.  
 
To Jenny Loberg, for her help and support during my whole stay in 
Sweden.  For the great midsummer party and all the meetings at her 
home. For making me feel at home in Sweden. For her never-ending 
support during the projects and all the practical matters. But above 
all, for being my friend! 
 
To the head of the department Stefan Gunnarsson, for having me in 
the Department of Animal Environment and Health. 
 
To Carlos Galina and Bo Algers, for making the bilateral 
cooperation project between México and Sweden possible and for 
giving me the opportunity to participate in the projects which are 
part of this thesis. 
 
 23 
To Nicolas Valenzuela, for help in all practical matters of the project 
during his stay in Sweden and for his friendship. 
 
To Agustin Orihuela, for help with sample collection and valuable 
comments on paper II. 
 
To Gunilla Jacobsson, Marianne Nielsen and Helene Lindberg for 
providing assistance with sample collection.  
 
To Marie Sundberg and Karin Östenson, for their valuable help with 
all the practicalities of the MSc programme and of living in Sweden.  
 
To Uta Ulrike von Borstel, for assistance with sample collection, 
valuable discussions and her friendship.  
 
To Evgenij Telezhenko, for showing me that statistics are in fact 
more complex than they seems to be. For his advice and discussions 
on statistical analysis. 
 
To Jan Hultgren, for his advice and valuable discussions on 
statistical analysis 
  
To Patrik Öhagen, for advice on statistical analysis. 
 
To Johan Loberg, for help collecting historical data from the animals 
of the study.  
 
To CONACYT, for financial support to the author. 
 
To the owners of the farm Kårtorp, for letting us use their animals 
and facilities.  
 
To Olof Andrén and all the staff at the farm, for their support in all 
the practical matters during this study, especially to Henrik 
Martinsson and Peder Hallseth for their patience and valuable help 
during milking.  
 
 
 
